Culture medium for bacterial strains reactivation
A solid medium was performed containing casein peptone 5 g/L, yeast extract 3 g/L, CaCl 2 0.1 g/L and 18 g/L bacteriological agar (PY). The medium plus the residue was boiled for 2 minutes and then autoclaved at 121°C at a pressure of 1 Kg/cm 2 for 15 minutes. Afterwards, it was poured into Petri dishes and incubated for 24 hours. The strains were inoculated onto the PY solid medium and incubated for 24 hours.
Culture medium for adaptation of bacterial strains
In order to adapt and confirm biosurfactant production, a selective medium was prepared with mineral salts, methylene blue (MB), and the residue (named MSM+MB+R). This medium had the following composition: K 2 HPO 4 0.7 g/L, NaHPO 4 0.9 g/L, NaNO 3 2 g/L, MgSO 4 . 7H 2 O 0.4 g/L, CaCl 2 . 2H 2 O 0.2 g/L, methylene blue 0.03 g/L, agar bacteriological 15 g/L. Medium with WCO added was named MSM+WCO and had concentrations of 2, 6 and 10% (v/v), the other medium had CW added and was named MSM+CW, with concentrations of 2, 6, 10, 14 and 18% (v/v) . The medium with the residue added was sterilized by boiling for 5 minutes and autoclaving at 121°C for 15 minutes at a pressure of 1 Kg/cm 2 . Subsequently, strains were streaked onto petri dishes containing biosurfactant production medium with each agro-industrial waste, and incubated for 72 hours at 30°C. The petri dishes were visually inspected after 24 h and 72 h of incubation for the presence of halos, indicative of biosurfactant production.
Inoculum production
Colonies with a clear presence of halos were selected, inoculated in 10 mL PY liquid medium in test tubes, and incubated in a rotary shaker at room temperature and 100 rpm for 24 h. All assays were carried out in duplicate plus a negative control. For biomass collection, samples were centrifuged at 15,000 x g a 4°C for 15 min to remove residue from the cultivation medium. The cell precipitate was washed twice with a 2% NaCl saline solution. Afterwards, the washed bacterial suspension was adjusted to an optical density of 0.1 at 600 nm by a visible light spectrophotometer (VE-5000V). (Mussatto et al. 2011 ). Due to these characteristics, CW constitutes an interesting substrate for microorganism growth, and consequently, for producing value-added products such as bioethanol or aromatic volatile compounds (Bonilla et al. 2014) .
Cooking oil is a vegetable fat that usually remains liquid at room temperature and is edible. Waste Cooking Oil (WCO), from household use and the catering industry, becomes unhealthy when heated above certain temperatures (150-190°C) (Alfadhl et al. 2015) . WCO is a significant water pollutant and its disposal constitutes an urban wastewater treatment problem due to its low solubility in water, affecting biological wastewater treatment, and consequently affecting microorganisms, plants, and aquatic ecosystems (Lan et al. 2015) .
The aim of this work is to compare different species of biosurfactant-producing microorganisms from Chiapas, cultivated in different agro-industrial wastes, to evaluate their biosurfactant production performance.
Materials and methods
WCO as sole carbon source for culturing bacteria was provided by Chiapas Polytechnic University cafeteria, in the municipality of Suchiapa, and CW was collected from the coffee zone in Tapachula city (Chiapas, Mexico).
Bacterial strains used in this study were obtained from a laboratory strain collection provided by the academic program of Environmental Technology Engineering at the Chiapas Polytechnic University. These bacterial strains were originally isolated from an anaerobic digestion process, and were obtained from the Agri-food Division culture collection at Forest Technologic University located in the city of Ocosingo (Chiapas, Mexico).
All chemicals were reagent grade. Culture media were purchased from DIBICO®. K 2 HPO 4 , CaCl 2 .2H 2 O, MgSO 4 , CHCl 3 , iodine, ninhydrin were purchased from GOLDEN BELL®, Na 2 HPO 4 , NaNO 3 , CH 3 OH, CH 3 COOH, CH 3 CH 2 OH, HCl, were purchased from FERMONT®, methylene blue, bromothymol blue, were purchased from LABESSA®, 3,5 dinitrosalicylic was purchased from SIGMA® and NaOH from MEYER®. of total solids in wastewater. This methodology is used to determine the amount of organic and inorganic matter in a sample by water evaporation at 105°C. Samples from bacterial growth kinetic tests were removed at every 24 h interval and centrifuged (15,000 × g) at 4°C and for 15 min to remove supernatant and residue from the cultivation medium. The obtained cell precipitates were washed with 5 ml of ethyl acetate and centrifuged again to remove the solvent. The collected cell pellet was dissolved in distilled water, and after a washing cycle it was dried in an oven at 105°C for 24 h. Dry weight was determined by using the following equation: DW= ((W 1 -W)*1000)/V where: DW: Dry weight (g/L) W 1 : Weight of the capsule with sample after evaporation. W: Constant weight of the empty capsule (g) and V: Sample volume in mL.
Biosurfactant characterization
Detection of the main components of the bioisurfactant was achieved by using thin layer chromatography (TLC). A sample of 0.1 g was dissolved in 3 ml methanol, 10 µl of the mixture was taken and was placed on silica gel plates. Chromatograms were developed with chloroform: methanol: acetic acid (65: 15: 2 v/v), as the revealing agent. The resulting marks corresponded to carbohydrates, lipids, and amino acids.
Results and discussion

Adaptation and selection of strains with agro-industrial waste
The strains that were activated in PY medium showed abundant growth in the medium mentioned at 24 hours. The strains were inoculated in a salts and minerals medium with methylene blue and the residue (MSM+MB+R) to confirm biosurfactant production. The results are presented in Table 1 .
It is observed in Table 1 that the strains A, B, C, D, 101 and 89 presented a halo formation at 24 hours on 2% WCO, whereas for Pseudomonas aeruginosa ATCC 27853, 98, 97 and 83, the halo was absent. The medium with CW 18 % (v/v) was selected for the isolation of biosurfactantproducing microorganisms. Strain A and the reference strain Pseudomonas aeruginosa ATCC 27853 presented an
Bacterial growth kinetics
Growth kinetic measurements were conducted in an Erlenmeyer flask (500 mL) containing 300 mL aliquots of mineral salt medium with 2% (v/v) WCO or 18% (v/v) CW as carbon source. The flasks were inoculated with 1% (v/v) inoculum; all the assays were carried out in duplicate at room temperature and 100 rpm for 96 h. At regular intervals, 8 mL samples were withdrawn for analysis by cell-free supernatant (CFS) surface tension (ST), index emulsification (EI 24 ) and reducing sugars by the DNS method.
Surface tension
Surface tension (ST) measurement was carried out by the Whilhelmy plate method using an Easy Dine KRÜSS K20 Tensiometer. The method consists of the determination of the force exerted on the liquid surface by a platinum plate until it penetrates a certain depth from the liquid surface and breaks the interfacial ST.
Emulsification Index (EI 24 )
The emulsification index (EI 24 ) of the culture samples was determined by adding 2 ml of the CFS to 2 ml of diesel in a test tube, mixing with a vortex for 1 min and leaving to stand for 24 h at room temperature. The EI 24 was calculated by dividing the height of the emulsion layer (H E ) by the total height of the mixture (H T ) and multiplying by 100, as following: EI 24 (%)= (H E /H T )*100.
Reducing sugars
The release of reducing sugar was evaluated by the DNS method. These assays were performed in 10 ml glass tubes containing 0.5 mL of CFS sample and 0.5 ml DNS reagent that had been held at 100°C for 5 minutes and then cooled to room temperature, after which 5 mL of distilled water was added. After proper mixing the reducing sugar content of the sample was determined through spectrophotometry at 540 nm by a visible light spectrophotometer (VE-5000V).
Determination of cell growth
Dry weight (g/L) of the biomass growth was measured using the methodology established by the Mexican Technical Standard NMX-AA-034-SCFI-2001 for the determination this period the surface tension decreased and the emulsion rate increased; whereas, the growth kinetics with CW in 18% reached the exponential phase at 48 hours, but neither surface tension nor emulsifying activity changed. The ST determination with WCO in 2% shows that strains were capable of decreasing the ST from 54 mN/m to values of 30-28mN/m at 96 hours, meanwhile strains with CW medium in 18% did not reduce the ST by the end of the kinetic growth measurement.
An analysis of variance (ANOVA) was performed with a confidence level of 95% to establish the differences between the strains. ST and the emulsion rate were used as response variables to establish the best kinetic conditions, and the strains with the best response, according to their surfactant properties. The analysis results indicate that when a native bacterium is in a culture medium with MSM+2% WCO, the optimal kinetic process time is 96 hours and the strains with better performance were strains A, B and 83. These strains were therefore used to make a new kinetic growth test to establish the best strain with more production.
Surface tension
The surface tension of the biosurfactant produced by all the strains was measured every 24 hours and is displayed in figure 3 . All studied strains, as well as the reference strain, showed a reduction in surface tension for values from 50 to 30 mN/m. Therefore, our results confirm the ability of these strains to produce biosurfactant in the culture medium with MSM+2%WCO.
indicative halo of biosurfactant production at 24 hours, whereas strains B, C, D, 98, 89 presented an indicative halo until 72 hours. Strains 101 and 83 presented growth without halo presence in the culture medium and finally, strain 97 did not grow in the culture medium.
The culture in MSM +MB+R was developed to confirm biosurfactant production and the adaptation to the carbon source. The Petri dishes were reviewed at 24 and 72 hours until an indicative halo of biosurfactant production became present. The halo formation, results from the white of methyl precipitated by the interaction of biosurfactant having negative charge and the calcium with positive charge; Lan, et al. (2015) cultivated strains in a WCO medium to make an evaluation of biosurfactant production which can be observed in Figure 1. 
Kinetic growth and production of liquid medium
During the kinetic growth and biosurfactant production in the MSM liquid, several parameters were monitored. ST and IE 24 were monitored every 24 hours, and the DNS method was used every 48 hours to monitor the release of reducing sugars. If the shake flasks show a medium with milky appearance (as observed in Figure 2 ) it is indicative of biosurfactant production (Lan et al. 2015) .
Surfactant properties (ST, IE 24 ) were measured for the selected strains, along with bacterial growth in the liquid medium of MSM + 2% WCO and the MSM +18% CW. The growth kinetics with WCO in 2%, demonstrated an exponential phase at 40-96 hours of cultivation, during Gudiña et al. (2014) , and Lan et al. (2015) who obtained an emulsion index of 58-59% using hexadecane. The biosurfactant produced by strains A and 83 has the ability of emulsify insoluble compounds, even better than the Pseudomonas aeruginosa used as reference strain.
Reducing sugars using the DNS method
The DNS method is a quantitative test and indicates the presence of reducing sugars in a sample, the results of an average initial and final concentration are shown in Table 2 . As can be seen in Table 2 , both the negative
Although Rocha e Silva et al. (2013) reported a similar surface tension reduction in culture medium to 27.7 mN/m using P. cepacia using soy oil corn steep liquor as a carbon source, some authors reported lower reduction values in surface tension than those obtained in this study. For instance, Lan et al. (2015) showed a minimum value of surface tension of 24.1 mN/m, using WCO as carbon source for biosurfactant production.
Emulsion index
In Figure 4 the emulsions generated from the strains are presented, the hydrophobic compound used was diesel. Strains A and 83 started to emulsify at 24 hours, presenting an emulsion index between 58-59%, after 96 hours 
Biosurfactant Production
Crude biosurfactant presented light brown coloration and a viscous appearance, in agreement with the specific characteristics of biosurfactants. Table 3 shows the yield of crude biosurfactants produced by strains A, B, 83 and the positive control (Pseudomonas aeruginosa ATCC 27853). Our results revealed strain A as the best biosurfactant producer with a biosurfactant yield of 3.70 g/L, compared with that observed for strain ATCC 27853 in which only 1.73 g/L of the biosurfactant was obtained.
The yield of crude biosurfactant produced by strain A, is comparable or higher than the results reported in literature using Bacillus o Pseudomonas. Nazren et al. (2016) reported 0.43 g/L of biosurfactant yield using Pseudomonas aeruginosa PAO1 with palm fatty acid distillate as carbon source, whereas Moya et al. (2015) observed 0.57 to 3.12 mg/L using Bacillus subtilis and 8.78 to 191.46 mg/L using Pseudomonas aeruginosa with olive oil industrialization residues as substrate. Benincasa and Accorsin (2008) reported a 4.9 g/L biosurfactant yield using Pseudomonas aeruginosa with sunfloweroil refining wastes as carbon source. Rocha e Silva et al. (2013) reported a 5.2 g/L biosurfactant production using WCO as carbon source. 
Bacterial growth
The bacterial strains had a typical growth, their logarithmic phase after 48 hours is shown in Figure 5 . These graphs compare the ability of bacteria to adapt for the residue. The results showed that all of the strains have the ability to grow and use WCO as a carbon source. As can be seen in Figure 5 , the logarithmic phase begins at 40 hours and the exponential phase is reached at 48-72 hours, according to ST decrease and an increase of the emulsion rate. Similar results are reported by Lan et al. (2015) where the logarithmic phase is reached in 40 hours showing the same ST decrease and during the exponential phase the greatest ST decrease can be achieved. hours. In particular, strains 83, B and A, showed the best results in kinetic growth. All strains reduced the ST from 50 mN/m to 30-29 mN/m and also showed emulsifying properties, strains A and 83 presented a superior emulsion index of 58%. Strains A and B were positive for carbohydrates, lipids, amino acids, and phosphorus by TLC, for this reason it is probable that the biosurfactants produced for these strains are glycolipids. The best biosurfactant producing bacterial strain was strain A with a production of 3.70 g/L of biosurfactant. Strain A also had a higher yield than the other bacterial strains or the positive control. According to the results obtained for the ST and emulsion index, strains A and 83 showed the ability to be potentially exploited for the treatment of soil contaminated with insoluble compounds.
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Partial characterization of biosurfactant
Biosurfactant characterization by TLC is observed in figure 6 . Strains A, B and P. aeruginosa tested positive for lipids, carbohydrates and amino acids and negative for phosphorus, while strain 83 is positive for all categories. This result helps us to predict the biosurfactant obtained from strains A and B.
Comparison with the positive control shows that the biosurfactants produced by strains A and B are probably glycolipids whereas the biosurfactant from the strain P. aeruginosa is a rhamnolipid. According to Santos et al. (2013) , a positive reaction in TLC for sugar and lipid detection is indicative of the presence of glycolipids.
Conclusions
The bacterial strains selected showed biosurfactant production in selective media with WCO in 2% after 24
TLC straint A TLC straint B TLC strain 83 TLC P. aeruginosa ATCC27853 Figure 6 : Results of the TLC applied to bacterial strains A,B,83 y Pseudomonas aeruginosa ATCC27853
